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Microsatellite-based genotyping for Candida albicans can give discrepant results between laboratories
when expressed in fragment sizes, because their determination depends on electrophoretic conditions. The
interlaboratory reproducibility was assessed in six laboratories provided with an allelic ladder. Despite
variations in size determinations, alleles were correctly assigned, making data transportable between

laboratories.

Candida albicans is a diploid yeast responsible for a wide
range of fungal infections in both immunocompetent and im-
munocompromised individuals. It is the most frequent fungal
species involved in recurrent infections, outbreaks, and noso-
comial infections (18). Genotyping of C. albicans can be per-
formed using fluorescence-based microsatellite length poly-
morphism (MLP) analysis of PCR-amplified DNA fragments
(2,4,5,9, 11, 20, 21). Microsatellite sequences are defined as
tandemly repeated stretches of 1 to 6 nucleotides and are
excellent candidates for genetic analysis as they are polymor-
phic. Microsatellite alleles are often expressed as DNA frag-
ments of different sizes obtained after PCR amplification with
primers flanking the microsatellite region (22). Based on the
variations in repeat numbers, genetic relatedness between dif-
ferent isolates can be assessed.

MLP analysis is a method with a high discriminatory power
and reproducibility, and it allows high throughput. It has
proved its efficacy in genotyping large collections of samples in
epidemiological studies of not only C. albicans but also other
yeasts, such as Candida glabrata (10, 13), Candida tropicalis (6),
and filamentous fungi, such as Aspergillus fumigatus or Penicil-
lium marneffei (1,7, 17). However, interlaboratory exchange of
microsatellite data can be difficult, because the use of different
equipment and diverse capillary electrophoresis conditions can
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lead to altered assessment of PCR fragment lengths. In the
past, calibration by means of allelic ladders was applied for the
analysis of population data (12, 14, 19, 23). More recently, de
Valk et al. (8) produced locus-specific allelic ladders for the
microsatellite-based analysis of Aspergillus fumigatus and
tested its utility for assigning allele sizes in an interlaboratory
study. In order to normalize C. albicans microsatellite results,
we developed an allelic ladder that includes the most fre-
quently occurring alleles of the CDC3 polymorphic microsat-
ellite marker (2). Our objective was to test interlaboratory
genotyping results by using the allelic ladder as an internal
reference for a given marker.

First, the allelic ladder for the tetranucleotide repeat
(AGTA) CDC3 marker was constructed. Seven alleles in C.
albicans were identified in our previous studies (2, 11).
Genomic DNA of isolates known to contain the different al-
leles was extracted using the High Pure PCR template prepa-
ration kit as described by the manufacturer (Roche Applied
Biosciences, Germany). Alleles were amplified in single-plex
PCRs in a 20-pl reaction volume, consisting of 2 ul DNA, 1X
PCR buffer (Roche Diagnostics GmbH, Mannheim, Ger-
many), 0.2 mM each deoxynucleoside triphosphate, 5 mM
MgCl,, and 5 pmol of each CDC3 primer, with the sense
primer labeled with hexachlorocarboxyfluorescein (HEX) (2)
and 1.25 U of Tag Gold polymerase (Applied Biosystems, les
Ulis, France). PCR was performed in an iCycler thermocycler
(Bio-Rad, Hercules, CA) and consisted of an initial denatur-
ation step at 95°C for 10 min, followed by 30 cycles of 30 s at
95°C, 30 s at 55°C, and 1 min at 72°C, with a final extension
step of 30 min at 72°C. PCR products were then pooled in
equivalent volumes, and 2 .l of this allelic pool was added to
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FIG. 1. Example of allele assignment using the CDC3 allelic ladder for two isolates, numbers 22 and 15. Allele peaks in the ladder (black lines)
are marked as pl to p7. GeneFlo 625 internal size standards (black filled peaks) with sizes in bp are shown beneath each peak. Isolate 15 is p2-p5

heterozygous, and isolate 15 is p4 homozygous.

13.5 wl of Hi-Di formamide (Applied Biosystems) and 0.5 pl
6-carboxy-X-rhodamine (ROX)-labeled Geneflo 625 size stan-
dard (Eurx, Gdansk, Poland). Capillary electrophoresis of the
allelic ladder was performed using the ABI Prism 3730XL
sequencer (Fig. 1). Sizes of the seven alleles were calculated
with GeneMapper (version 4; Applied Biosystems). Reproduc-
ibility was tested in 10 separate experiments that resulted in
allele size variation of =0.08 nucleotides for the seven alleles.

The CDC3 ladder (10 wl) was sent to six participating lab-
oratories with previous experience in MLP analysis. The Na-
tional Reference Center for Mycoses and Antifungals
(NRCMA) also provided five C. albicans DNA samples of

known CDC3 genotypes (DNA samples 1 to 5) and the CDC3
primers (2). To test the influence of the DNA extraction
method, each participant laboratory selected five isolates from
their own strain collection, extracted the genomic DNA, and
performed MLP genotyping on these samples (samples 6 to
35). The 35 DNA samples were sent to the NRCMA for blind
MLP analysis.

Participants were made aware of the number of allele peaks
identified in the ladder (one to seven) and were asked to
perform MLP using the NRCMA'’s PCR amplification/cycling
conditions and their own equipment and reagents (Table 1).
For each DNA sample, genotyping results were expressed as

TABLE 1. Conditions and equipment used by NRCMA and the six participant teams

DNA extraction Capillary
L DNA polymerase Thermocycler Size standard Software electrophoresis
aboratory method ;
. (source) (manufacturer) (source) (manufacturer) instrument
(source or reference)
(manufacturer)
NRCMA DNA EasyPlant Taq (Roche) iCycler (Bio-Rad) Geneflo625 (EurX) GeneMapper version 4  ABI 3730 XL (Applied
(Qiagen) (Applied Biosystems) Biosystems)
Lab 1 Ultraclean microbial ~ Tag (Roche) ABI 9700 (Applied ABI GS500 (Applied GeneMapper version 2.1 ABI 3130 (Applied
DNA isolation kit Biosystems) Biosystems) (Applied Biosystems) Biosystems)
(MoBio)
Lab 2 MagnaLyser/MagNA  FastStart (Roche) T1 (Biometra) ET400-R (GE Fragment profiler (GE ~ MegaBACE 500 (GE
Pure (Roche) Healthcare) Healthcare) Healthcare)
Lab 3 Manual (15) Go Taq (Promega) TC 412 (Techne) ROX 500 (Applied Peak Scanner (Applied  CEQ 8800 (Beckman
Biosystems) Biosystems) Coulter)
Lab 4 Manual (16) Taq (Fermentas) iCycler (Bio-Rad) TAMRA 500 (Applied ~ GeneScan version 3.1 ABI 310 (Applied
Biosystems) (Applied Biosystems) Biosystems)
Lab 5 Boiling with chelating Eurobiotaq (Eurobio) PTC 100 (MJ GeneScan 500 LIZ GeneMapper version 4.0 ABI 3130 (Applied
resin (Chelex) Research) (Applied Biosystems) (Applied Biosystems) Biosystems)
Lab 6 Manual (3) AmpliTaq (Applied GeneAmp PCR system ROX 500 (Applied GeneMapper version 3.0 ABI 3730 XL (Applied

Biosystems) 9700 (Applied

Biosystems)

Biosystems) (Applied Biosystems) Biosystems)
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TABLE 2. Genotyping results for the five DNA samples based on CDC3 ladder peak number and fragment size

Fragment size (bp) for indicated allele and peak no.”

Laboratory Sample 1 Sample 2 Sample 3 Sample 4 Sample 5

Allele 1 Allele 2 Allele 1 Allele 2 Allele 1 Allele 2 Allele 1 Allele 2 Allele 1 Allele 2

(peak 5) (peak 6) (peak 1) (peak 4) (peak 1) (peak 3) (peak 2) (peak 6) (peak 3) (peak 6)
NRCMA 130.6 134.5 115.4 127.1 1154 123.5 119.5 134.5 123.5 134.5
Lab 1 128.0 132.0 112.0 124.0 112.0 120.0 116.0 132.0 120.0 132.0
Lab 2 132.2 136.1 115.9 128.3 115.9 124.2 120.1 136.1 124.2 136.1
Lab 3 129.2 133.2 112.9 124.8 113.5 120.8 117.5 133.2 120.8 133.2
Lab 4 129.0 133.0 114.0 125.0 114.0 121.0 118.0 133.0 121.0 133.0
Lab 5 130.0 134.0 114.0 126.0 114.0 122.0 118.0 134.0 122.0 134.0
Lab 6 129.0 133.0 113.0 125.0 113.0 121.0 117.0 133.0 121.0 133.0

“ The peak numbers represent the allele peaks in the CDC3 allelic ladder. Genotypes were identical for all the participant laboratories and the NCRMA. Peak 7

was not present in the DNA isolates tested.

peak numbers (1 to 7), and fragment sizes were expressed in
bp. As shown in Table 2, reported fragment sizes varied be-
tween the laboratories, with size differences of up to 4.3 bp.
However, upon comparing the results to the allelic ladder, all
laboratories correctly assigned peak numbers to the five DNA
samples.

The influence of DNA extraction method on allele assign-
ment was assessed using DNA samples provided by the par-
ticipating laboratories. For every DNA sample supplied (sam-
ples 6 to 35), the allele assignations by the participating
laboratory and the NCRMA were identical based on the peak
number (data not shown). Therefore, the DNA extraction
method does not seem to interfere with allele assignment.

Although reproducibility for a given capillary electrophore-
sis platform is high, according to previous reports (2, 8, 20), we
demonstrated here that DNA fragment size determinations
differed between laboratories due to differences in equipment,
separation matrices, size standards, and software. However,
the application of the C. albicans CDC3 ladder as an internal
standard allowed the correct allele assignment for the samples
provided, and there was excellent agreement between the
NRCMA and the participating laboratory for unknown DNA
samples. The demonstration here is for one C. albicans marker
only. The question of how many loci should be tested depends
on the objectives. For some issues, a single locus may be suf-
ficient. If a high discriminatory power is needed, several mark-
ers can be analyzed (2, 20). Following the same principle,
allelic ladders could be designed for these additional microsat-
ellite markers.

In conclusion, once primers and fluorescent labels have been
designed for microsatellite-based typing systems, the use of an
allelic ladder is an important asset that allows standardization
of results and transfer and comparison of data between labo-
ratories.
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